Strukturangepaßte geometrisch nichtlineare Finite Elemente für Flächentragwerke by Hauptmann, Ralf
 	
 ﬀﬂﬁﬃ ﬃ!
"$#&%('*)#&'+%-,/.1032545,/67#82 032:9$; 2<#&%>=@?BADC ./=EADC7#GFH=I.52D,7%-2
J






































































































































































































































  ﬀﬁﬃﬂ "! ﬁ#$!%ﬃﬁ#&

'
































































































































































































































































































































































































































































































































































































































































CEN   & &   G &   &   & &   &   & & & & &   &   & &   &   G &   &  



































M0kWB    &   G &   &  p























698WBT6    & & & & &   &   & &   &   G &   &  J


















































 &   & &   &   & & & & &   &   & &   &   G &   &  lWl





















B'6  &   &   G &   &  lsr













698M   & &   &   & & & & &   &   & &   &   G &   &  l









































Bb &   & &   &   G &   &  l

















698WBT61 & &   &   G &   &  lsq














698WBT6  & &   &   G &   &  lsw






















































































CLB  & & &   &   & &   &   G &   &  n0w




































BT6  & &   &   & &   G &   &   & &   &   & & & & &   &   & &   &   G &   &  n J



























698    &  n J




































































































































6   & &   &   G &   &  rWr




















B'6  &   & &   G &   &   & &   &   & & & & &   &   & &   &   G &   &  rWr















































































B  &   & & & & &   &   & &   &   G &   &  rAp












 & & & & &   &   & &   &   G &   &  rAp








 & &   &   & & & & &   &   & &   &   G &   &  rLJ






 G &   &   & &   &   & & & & &   &   & &   &   G &   &  rLJ








   &   & &   &   & & & & &   &   & &   &   G &   &  A{








































6a8WB'6    G &   &  9l
4













 &   & &   &   & G   & &   &   &   n










 & &   G &   &   & &   &   & G   & &   &   &   n


































   & &   &   & G   & &   &   &  Ar











 &   G &   &   & &   &   & G   & &   &   &  
















B    G &   &   & &   &   & G   & &   &   &   


























































 &   G &   &   & &   &   & G   & &   &   &  Aq



































































 & G   & &   &   &  Aw














































































































































































































































































































































B    &   & &   &   & G   & &   &   &  p 








 &   &   & &   G &   &   & &   &   & G   & &   &   &  p 




























B  & &   &   & G   & &   &   &  p0q









   &   & &   G &   &   & &   &   & G   & &   &   &  p0q








 &   &   & &   G &   &   & &   &   & G   & &   &   &  p J













































































































 &   & G   & &   &   &  w
4c4













































































































698WB'6  & & & & &   &   & &   &   G &   &  J 














 & &   &   & &   &   G &   &  J 






































































B'6$ & &   &   & & & & &   &   & &   &   G &   &  JWw



































































   &   & &   &   & & & & &   &   & &   &   G &   &  lv{ 



















B'6h   & &   &   G &   &  lv{Ap



































B  &   & &   &   G &   &  lv{Ww

























698WBT6D & &   G &   &   & &   &   & & & & &   &   & &   &   G &   &  lv{LJ




























































































































































6P &   & &   &   G &   &  l0l"p


























B'6  &   & &   G &   &   & &   &   & & & & &   &   & &   &   G &   &  l0lKJ

































 &   G &   &   & &   &   & & & & &   &   & &   &   G &   &  lsn=l































698WB'6    &   & &   &   G &   &  lsn0r
































B   & & & & &   &   & &   &   G &   &  lsn








   &   & &   &   & & & & &   &   & &   &   G &   &  lsn








 &   &   & &   &   & & & & &   &   & &   &   G &   &  lsn0q








 &   & &   &   & & & & &   &   & &   &   G &   &  lsn0q








   &   & &   &   & & & & &   &   & &   &   G &   &  lsnWp
































































6a8WB'6    &   & & & & &   &   & &   &   G &   &  lsn J
4.4c4


















 &   & G   & &   &   & elsrW{






















































B'6$ & &   G &   &   & &   &   & G   & &   &   & elsr 













   G &   &   & &   &   & G   & &   &   & elsr

























698WBT6    &   & &   &   & G   & &   &   & elsrWq





































































B'6$ & &   G &   &   & &   &   & G   & &   &   & elsrWw



















   & G   & &   &   & elA{



















   &   & G   & &   &   & el n




































































B'6  &   & &   G &   &   & &   &   & G   & &   &   & elWp























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	I    
































































































































































































































	I    



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     ﬂ$ ﬂﬂ- *ﬂﬀ ﬂ







































































































































































































































































































































 (7   



































































































































































































































































- dn   J
h











































































































































































































































































































































































































































 }!  







































































































































































































































   
 9"( (     $       	     # 


































































































































































































































































































































































































































































































































































































































































    =G	  
)G	I   ! t 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    )9  x ( I 
) "( 
  9=G	I  
 a
































































































































































































































































































































































%#&+L  %ﬃﬁ(  ﬁ(- %#ﬂ ﬂ  &
;ﬁ(ﬂ




































































































































































































































































]   
      I 



















































































































































   ﬀ  )+ﬁ	  $ﬂ  ﬂ'(%  ﬂ  $" ﬂ 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































+ $ % .










































































































































































































































































































































































































































































































































































































































































































































































































































































































    aG  a
	  a x t   I aa #_
	
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































      










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    ﬂ    ﬀﬂ!a}ﬂ   	G%'#ﬀ&


















































































































































































































$ % .  
 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     a   (  
	I
 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2a?E,/6 6XMﬃ<B?^1~IE*56?E[YI@?ETU0b*5?E8*7FGf17*517?E[Yzﬃ*-?@1ªYPY,7MQ(D7[Q*-D7*}1\}1_ 6MR?@8 6*-,~?E8*5<{Mﬃ17?Ez!8O(,h*5,7DG1*
n




















































































































ﬃ    $&?-%*'$).>(I%'$ DU$&9:*'$






















MgﬀQ1 D7?@TU0{6(,/TU0 6?@*C?@< .	PYI@[Y*-86*-8
)|*5D7TU0,/?E*5)|*58*-8cgiPQ,7[Y*50*-8DG24*5?ED/*-8b)+*-0*5)|*589#
mpoﬃ o! "$#&%('*)+#-,!.0/2134'5.0%6#-,!#87ﬁ9;:<)=)=#>1#-9!#-?@#-1A)=#CBEDF)=:G12HIH#&%CJK1A)MLN,!O(PQ9!/13

























M& 6?@*] f),/?E6*58 ,7* |17\
LIE*-<3*-8&17*8XMQTU0 KQ?E,/PY(D/*-z^R
R




)j6?@*eyu?ED7zO,/*51*58 ~?@,7TU00PO LIE*5<B*58O17*Q_X6*5,7*58 L8&12a?ETUzOIE(8[B2;*-D/*-8&1I@?ETU0RYPY8  Mﬃ17PY\~(86







































6*-, Aa*-TU0&1*5TUz&.	PY,7< )\}2e#&PYS17?E<BMQIE*58myu,7*5?E*-TUz&.	PY,/< MQ)&2;*-?@TU0*-86*-8 LIE*5<B*58&1[Y*5PY<B*}1,/?E*-8mD/?E86`#















































































 *5?@17*-8<3?@1/1*-8zf8PQ1*58x,/*-IEMﬃ1?^ ?E8* 3\-?E*58&1{(86 8*-?@[Y*-8MQ( ﬀY*5,76*5< \-(,  ~(*-,7D/TU0O()&Y*-,/D/17*-?^F










ACPﬃ1UMﬃ17?EPY8*58{D/P 2a?@*uMQ(.6*-, PQ)|*58 *-,G2
'
MQ08&1*58cH!*510P6*ª6*-,4MQ8[Y*58PY<3<B*58*-8{gi*5,7\5*-,7,/(8[Y*589#










































MQ)+*-,B?E8* B\5?E*58O1{(86 D/TU0IE*5TU0&1R0XMQ860MQ))XMQ,5_;6M MQIEDX~8PQ17*-8&ﬃMQ,7?EMQ)IE* MQ8 6*-8
LTUzOzf8PQ1*58v8O(,!ACPﬃ1UMﬃ17?EPY8*58 )\52e#CMQ8 6*58§f*-?@17*-8<3?@1/1*58zO8PQ1*58 ACPQ1Mﬃ1?@PY8*58
(86!6?@*ugi*-,7D/TU0?E*5)(8[3YPY,/IE?@*-[Y*589#











<3*-8&14?@D/1 \524MQ,;,7PY)(D/1_MQ)+*-, ?E8.	PQIE[Y*6*5,;0PY0*-8Bg MQ,7?EMQ)IE*58\Mﬃ0IXD7*50,4?@8* 3\-?@*-8&1#
giPY8 6*58jD7PY8D/1?@[Y*-8 yu,7*-?@*-TUzﬃ*-IE*5<B*58&1*-8j?@D/148PTU0{6XMQD 8?@TU0&1 D7*50, ,/PY)(DG1*>LIE*5<B*58&14YPQ8j*5DGF






















(, 6?ETUzQ* JiIEMﬃ1717*-8h?E86?@*-D/*-, ]C?E8D/?ETU0&18PTU0m;*-6XMQ,G.)|*5D/1MQ869#Qy~MQD
P`?E*5I 6*5,hVXPY,/D7TU0O(8[!2 Mﬃ,~6XMQ0*5,r6?E*
L8&12a?ETUzOIE(8[ YPQ8 ,/PY)(DG1*-8 (86 * 3\5?E*-8&17*-8 yu,/*-?@*-TUzYF
(86 gu?@*-,/*-TUzQ*5IE*5<B*58O17*-89_L6?E*jD7P 2;PY0I?@< 4*5,7*5?ETU0 6*-,m6
'
(88*58MQI@DmMQ(TU0 6*5,m6?ETUzﬃ*-8wJLINMﬃ1GF















































6(,/TU0 *5?E8*L?E8O)|*5\-?@*-0O(8[ QPY8 iªMQTU0O)XMﬃ,7*-I@*-<3*-8&1*58W?E86?@,7*5zO1=*-,/,7*5?ETU0&1u2;*-,76*-8 zﬃMﬃ889#|yu?E*-D/*
YPY8 ﬀ 






H *5170Pf6* \-( *5?E8*5,szﬃPY<BSIE*U*58 VPQ,7<(I@?E*5,7(8[!<3?@1h\-(D
'
Mﬃ1\5IE?ETU0*-8KTU0&2a?E*5,7?@[YzQ*5?@1*58 )|*5?46*5,
4*-0MQ86I@(8[u6*5,LACMQ86)+*-6?@8[Y(8[Y*-89#QPYI@TU0* JLIEMﬃ1717*-8*5IE*-<3*-8&17*;2;*-?ED/*-8m\}2 MQ, IE*-6?E[YI@?ETU0r*-?E8*-8








































 u(*-,/D7TU0O()&Y*5,7\-*5,7,/(8[Y*58 MQ(Du6*5,>~?E8*5<{M1?Ez]¢"#&C<3?@1=6*58  ~(*-,7D/TU0O()&Y*-,/\-*5,7,7(8[Y*-8 Mﬃ(D



































































































< >= ? 4?A@ .1%'9?-$ *-.1%;.1$&?>(   *'$)?J.1$), ,g>(4<  $&C  $ *'?J./% 0B2 , ./(4$ ?-$)?
 , * *'$)(4$ ,1$ $)(+*'$
B
od o! C #-Z4?@# )+%(,;# Y/12HE"$#&%('=O`X,;#2/134'5:EDFD%(ZHG,!?@:<)6,;Z41
y~Mj)|*5?L6*-,L8&12a?ETUzOIE(8[c6*5,hAa*-?@D7D/8*-,ZFGH ?@86IE?@8WJLINMﬃ1/1*-8&170*-PY,/?E*m)+*-,/*-?@17De*-?E8*38&17*-[Y,7Mﬃ1?@PY8
'














































































































































od olq "$#&% #-%6%(/13#-1W/1H DD2:G11 /13#-1 ,!1 349;Z 2:G9;#-18P>: %+)+#-'=,!'=O`X#-1WV8Z Z%(H2,!1:>)+#-1





































































































































(,/IE?@TU0*~ MQD/?ED 17,MQ8DG.	PY,7<3?E*5,/17*~VXPY,7< 6?E*5D7*5DªH MF
1*5,7?NMﬃIE[Y*5D7*517\-*5De.
'


























































































































































































































*-,/[Y?E)1-#iy~MQ)+*-? Y*5,7)?@86*}1 6?@* ﬀuS+*-,7Mﬃ1PY,/<{M1,7? U





































































































































































































































































































































< "! # E2>,































































[Y*-<3*-?@8*Ry~MQ,/D/1*5IEI@(8[WMQ8[Q*-[Y*5)|*58K2;*-,/6*-89# yu?@*-D7* 2a?@,76 6?@,7*-z&1x.
'






<>$)? 57(4%< *<Q>(49:*-.1C+(4$)( 	$). .1$&?-$&0B9I$),/$ $)(:*'$)(
yu?E* )|*5?gª?E*-,/*-TUzﬃ*-IE*5<B*58&1*-8
'
()I@?ETU0*58 8&1*5,7S+PYINMﬃ17?EPY8D/.	(8z&17?EPY8*58 D7?@86 MQ(.6MQD 4? F
L?E80*5?@17D7*-I@*-<3*-8&1~<3?@1=6*-8W8XM1
'

















































































































































































































D7*}1\-(8[{8Pﬃ124*586?E[Q* L?@8\-*5IE0*5?@1*58jY*-,/\-?@TU0O17*51=(86!6XMQ\5(cMQ(. 6?@* /*52;*-?@IEDaMQ8[Q*-[Y*5)|*58*W?^1* F
,Mﬃ17(,Y*5,/2a?E*5D7*589#
<








MQ(TU0 6?E*Byu?ED7zO,/*51*58 TU0O() JLIEMﬃ1717*-8*5IE*-<3*-8&17*B(8&17*-,s6?E*-D/*-< 4*5[Y,7? K*-?E8[Y*-PY,/68*}1_PY)&24PQ0I









ompo!  V \ /1H	8V 7a9!:>)=)+#-1#-9;#-?@#-1A)
yu?E*](,/D7S,
'














(88*-, JLINMﬃ1/1*58xMQ(TU03?E< i?@8DM1\?E8mzﬃPY<3<B*5,7\-?@*-I@IE*-8sV  F




















































































































































































































































ompolq  V m 7ﬁ9;:<)=)+#-1#-9!#-?@#-1A)





























































ompo ﬃ  D \JK9!#-?@#-1A)
y~M~6XMQD y>~w(86{6XMQD y>j  LIE*5<B*58O1izﬃ*-?@8* ~(*-,7D/TU0O()|6*5.	PY,/<{Mﬃ17?EPY8*-8{6MQ,7DG1*-I@IE*583z
'
PY88*-8
















































































































































ompoPm  D \YV JK9!#-?@#-1A)



















([Q1m*-D5_ 6?@*Bgi*5,76,/*-0O(8[Y*58 <B?^1h6*-,sgi*5,7D7TU0?E*-)(8[ MQ8





y~MQD 6XMQ,7MQ(D ,7*5D7(I^1?@*-,7*586* ye4F: yu,/*-?@*-TUzQ*5IE*5<B*58O1K*5,/.
'














 VWeg\ /12H	 VWe  JK9;#-?@#-1A)
L?E8*C24*5?@1*5,7*ªg Mﬃ,7?NM1?EPQ8B6*5Daye LIE*5<B*58O17*-D DG1*5IEI@146?E*ªy>rH  yu,7*5?E*-TUzYF)|*5\-?E*50O(8[YDG24*5?ED7*





























































RTfMRVWKLG ﬃ ET`PbcWMPETR-KNf:    a`XK8KNR5WKNf
y~MQDbgu?@*-,/*-TUzQ*5IE*5<B*58O1¢y>hH  rc)+*-,/(0&1 MQ(.B6*-8 zOINMQD/D7?@D7TU0*58 8&1*5,7S+PYINMﬃ17?EPY8D/.	(8z&17?EPY8*58











































(88*-,hJLINMﬃ1/1*58 \5( ?@6*-8&17?ED7TU0*-8 i,/[Y*-)8?ED/D7*-8 2a?E*m6XMﬃDhy>~
)|*5\-?@*-0O(8[YDG24*5?ED/*y>   LIE*-<3*-8&1-#
<  <  , * *'$)(4$ ,1$ $)(+*'$  ."* E( $)(4C   $)(4$ (   4$&?-% 032 K	  $)?G $&? F
?>(I$)(
yu?E*~8*5(*-8&12a?@TUzQ*-I^1*58]yu,7*5?E*-TUzYF (86!gª?E*-,/*-TUzﬃ*-IE*5<B*58&1*r)XMQD7?@*-,/*-8 MQIEI@*~MQ(.?@*-,a Mﬃ(D/17*-?E8*-8 ﬂ
ﬀ

















































































































































































o!  c e /21HI\   
7a9!:<)5)+#-1#-9;#>? #>14)
ﬀ 
8Mﬃ1* (86 P`?@*-8zO?E*}2a?ET5\ R "Y«`T]Y*5,/2;*-86*58 .
'
(, ?E0,	j?ED7zO,/*51*5D c{*-?ED/D78*5,GF eﬁ?@86I@?E8 LIE* F
<B*58&1 ¢y~AªHc}_?E< *-8[YI@?ED/TU0*-8 TU0,7?^.1717(< MQ(TU0 (8&1*5,h6*5,s;*-\-*5?ETU08O(8[bWa WALI@*-<3*-8&1























































































































































































































olq  c egﬃ 7a9;:<)=)+#-1#>9;#-?@#-1A)
L?E8*sgi*5,7)+*-D/D7*-,/(8[!6*-D~Wa >W iI@*-<3*-8&1Dª<B?^1u6*58 [QIE*-?@TU0*-8ﬂe8PQ1*58.	,7*5?E0*5?@1D/[Y,Mﬃ6*-8b2a?@,76
YPY8 JMQSXMQ6PYS|PQ(IEPYD3(86 McfIEPY, R "ﬁ`Tª6MQ6(,/TU0 *-,7\5?E*5I@1_i6XM5ﬀ 6?@* gi*-,/D7TU0?@*-)(8[Y*-8 (8&QPYIEI F
D/1
'


























o ﬃ  m   
/1HI\ m   
7ﬁ9;:<)=)=#>1#-9!#-?@#-1A)
L?E8*~2;*-?@17*-,/*eg Mﬃ,7?NMﬃ8O17*~6*-, L8&12a?ETUzOIE(8[B2a?@,76jYPY8ﬂP`?E*58zO?E*52a?@T-\~(86 ª( (86bH ?^1UMQ(1PY,/*-8


























































687:9l;  ? C RVUHET`P`fW&[bHR-M HKLG 
]









*-8&1IEMQ8[R6*5,sf*-?@17*-8 O(XMQ6,7Mﬃ1?@D7TU0 (86 ?E8]6*5,rMQ86*5,7*-8 Aa?ETU0&1(8[ I@?E8*-MQ,ª?@8O17*-,/S|PYI@?E*5,/1#`yu?E*5D
















































 D m@/21H 
 
 7a9!:<)5)+#-1#-9;#>? #>14)
yu?E*W*-,/D/17*-8 LIE*5<B*58&1* 6*-,ﬁLIE*-<3*-8&1/.¢MQ<B?@IE?@*Q_ 6?E* MQ(.s6*-,cH *5170Pf6* 6*5,cMﬃ8[Y*-8PY<B<3*-8*-8
gi*-,/\-*-,/,7(8[Y*-8 )XMQD7?@*-,G1_96XMﬃD
n
iuf"cJLINM171*58*-I@*-<3*-8&1uQPY8 4Mﬃ10*m(86 yªQPY,7zO?@8ER M(TL(86 6MQD
 ~:
n







































































































(88*-8 JLINMﬃ1/1*-8 kX* F








































































































































































































































































KNM  gKLGKNR-M ﬃdMXW e
  `XK8KNR5W
<  @ ./?-$&9:*'$ @=.1?-0B2>24CID  , * *'$)(4$),/$ $ (+*'$
B







8XMﬃ17*m(86 4*-,/Q*-,7M R "O(TLYPQ,7[Y*5D7TU0IEMQ[Y*-8`#2]C?E*5,7)+*-? 2;*-,/6*-8 6?E*gi*-,ZF






































































<B?^1e6*-,r,MQ8DG.	PY,7<BMﬃ17?EPY8D/<{M1,7? U  (86 6*-8 gi*5,7D/TU0?E*5)(8[YD7MQ)I@*-?@17(8[Y*583 MQ< ACMQ86`#










MQ)+*-,j8?@TU0O1R8O(, QPY8 6*-8 VX,7*5?E0*5?@17D7[Y,7MQ6*-8 6*-DTLIE*-<3*-8&17D-_ D/PY86*5,78 MQ(TU0 YPY8 6*58vVX,/*-?^F
0*-?^1D/[Y,MQ6*-8v6*-,iªMQTU0O)XMﬃ,7*-I@*-<3*-8&1* MQ)0
'







































687:9<; ? C  MXWWKN`
]
R jUHETR b =	 bHR Y\[
]
GEdbHf   Y<bHRTfJMPRVWK HG\bH`






























od ﬃﬂ#fyu?E*af*-?@17*-8<3?@1/1*58OQ*-,/D7TU0?@*-)(8[Y*-8 6*-, A
'
Mﬃ86*-,iIEMQD7D/*-83D7?ETU036(,/TU0{6?@*























































Bo olq e   7a9;:<)=)+#-1#>9;#-?@#-1A)










































ﬁ  "ﬀ5&" 6ﬁ 5
	*6ﬁﬁﬁ




























































 Mﬃ17PY\ WMQ,/6*-(,ﬁR «`T
 

 MQ(<{MQ88YTU0&2;*-?E\5*-,/0PQ. R `T

ﬂﬁﬃﬂ! 	
 Mﬃ17PY\ eMﬃ17?EI@? R 6T
#"	ﬁﬃ





























































 od o!  /121# 7a9!:<)5)+#















MgﬀQ?E[Y*58 iC*51\5*-8 ¢4?EI@6  olq ﬀ  o
B
































































C ETRVUHKLG HKNR-I /KLG D MXKLGKNOJSHKN`XK8KNR5WKY\[
]














































687:9<;  ?  C ETRVUHKLG HKNR-I /KLG D MXKLGKNOJSHKN`XK8KNR5WKY\[
]




















































687:9<; @?X=@C  ETRVUHKLG HKNR-I /KLG  GKNMXKNOJSHKN`XK8KNR5WKY [
]



















































687:9<; @?  C  ETRVUHKLG HKNR-I /KLG  GKNMXKNOJSHKN`XK8KNR5WKY [
]




D7(TU0*-89_ 2;*-,/6*-8 6?E*3?E8 ;?EIE6  o 6XMQ,7[Q*-D/17*-I@I@1*58 iC*51\5* <3?@1e*-8&17D7S,/*-TU0*586*-,xgi*-,G.	*-?@8*-,/(8[















































































































































































































































PY[YI@?ETU0zﬃ*-?^1*-8`_;6?@*bJLINM171*!\-(wY*-,/8*517\-*589_a4?EI@6  o!  X# yu?E*!*-?@8\-?@[Y*Rgi*-,78*51\5(8[_;)|*5?ª6*5,
 

687:9<;  ?BAdAdC-DFKLGJfO\Q-MXK/KNR/K ? KLWILK
ﬂ
KNM  GKNMPKNOSHKN`XK8KNR5WKNR

















































































































































IE?@TU0*-< LIE*5<B*58O17<B?^1717*-IEzO8Pﬃ1*-8`# *5IE)DG1j6XMQD{IE?E8*MQ,/*ﬂLIE*5<B*58O1{<B?^1 Mﬃ8[Y*-8PY<B<3*-8*-8 u(*-,ZF
D7TU0O()&Y*5,7\5*-,7,/(8[Y*58 
n






























































































687:9<; @?BA   C' ETR5UHKLG HKNR/I -KLG D MXKLGJKNOSHKN`XK8KNR5WKjY\[
]

























































687:9<; @?BAV=@C' ETR5UHKLG HKNR/I -KLG GJKNMXKNOSHKN`XK KNRVWKjY
[
]
G GK HKN` 
[
b>TM HK,? KLWILKBA ﬀ C ﬁﬃ

?E*h)|*5,7*-?^1D=)|*5? 6*5,K]=*5,7IE*5?@17(8[ Mﬃ8[Y*-D/S,7PfTU0*589_9zQPQ8OQ*-,/[Y?E*5,/1~6XMﬃD~ye=LIE*5<B*58O1ª)|*5?E<,7* F
[Y*-I@<
'




  (86 )+*-?@< (8,/*-[Y*5IE<
'














"!   $),1$)(49 . I$), I$&?'*;$ 24C  	K4%;8>, * *'$6( 0B2  C ?J,1$















(8632a?E,/63<3?@1 i=*517\-*58{*-8&17D7S,/*-TU0*586j6*-8B?E834?@IE6  o! 
B
6XMQ,7[Q*-D/17*-I@I@1*58{VXPY,/<B*58
)|*5,7*5TU08*51-# ]C?E*-,/)|*5??@D/1.	*-DG1\-(D/1*5IEI@*-89_6XMgﬀ=6?E*igu?@*-,7*5TUzQ* DG1UMQ,/z~YPY86*-, PQS1?@<{MQI@*-8rAa*-TU0&1*5TUz&F








 od xF  o! BD7?@86x6?E* ~PY8&Y*5,7[Y*58\-zO(,GY*58 .
'
(,i6?E*CH ?^1717*-86(,7TU0O)?E*5[Y(8[r(8636XMQD <BM(U?E<BMQIE*
H PY<3*-8&1h?E8 VX*5IE6<3?@1/1*m)+*-?igi*-,/2;*-86(8[bQPY8 gu?@*-,ZFª(86 yu,7*5?E*5TUzQ*-I@*-<3*-8&1*58 MQ(.	[Y*}1,7MQ[Y*-8`#
yu?E*8iCPY,7<3?E*5,7(8[3*5,/.	PYI@[Q1 /*}24*5?EIED\5(,CMQ8XMQIO1?ED/TU0*-8ﬁW
'























































687:9<; @?BA  C' ETR5UHKLG HKNR/I /KLG DFKLGJfOJQdMXK
ﬂd]




















































687:9<; @?BA  C' ETR5UHKLG HKNR/I -KLG DFKLGJfOJQdMXK
ﬂd]





































































<B?^1717*-IES(8z&1 zQPY8&Y*5,7[Y?@*-,G1#y~Mr)+*-?IE?@8*Mﬃ,7*-8XLIE*5<B*58O17*-8B6*-,; MQ,/IEP 2 JL(8z&14\-(, L,7<3?@1717IE(8[
6*-, TU08?^1717[Y,
'














































687:9<; @?BA C' ETR5UHKLG HKNR/I /KLG  bﬁM  bH`XKNR




















































  ?4%>   $)( % % >( <>$&? 9 ?-9I$)(>(:*;(>.1%'%'$
:
4? ,/. (4$ ?-$  , **'$ ( F
$ ,1$ $)(+*'$



















yu?ED/zf,/*517*-8 e?@,7TU00P yu,7*5?E*-TUzﬃ*-I@*-<3*-8&1*5Db¢y>eC\5(< yu?ED/zf,/*517*-8TU0O()ALIE*5<B*58O1c¢yeC
.
'





































































IE?@TU0w6*5,Q~PY8&Y*5,7[Y*58\-*5?E[Y*58D7TU0Mﬃ.1*58 (86 6*5,   3\-?@*-8\ zfIEMQ,3(8&1*-,/IE*5[Y*-8wD7?E869#:P`(D
'
Mﬃ17\-IE?@TU0









;*-?a6*-,B:=8&17*-,7D/(TU0O(8[ 6*5,3Q*-,/D7TU0?@*-6*58*-8 Aa*-?ED/D78*5,GFZH ?E86IE?E8 gª?E*-,/*-TUzﬃ*-IE*5<B*58&1*-8 <3?@1
6*-< P`?@*-I _*-?@8*R* 3\-?@*-8&1*ﬃ_;*5?E8.¢MQTU0K0XMQ860XMQ))MQ,7*!(86w,7PY)(D/1*ﬁLIE*5<B*58O1/.	PY,7<s(IE?@*-,7(8[]\-(
ﬂ





















































ﬁﬀﬁﬂ A"ﬀ ﬁ":*  ﬁ!#&ﬁ&* 
+ " + *
-





















































QPY,7[Y*5D/17*-IEI^1*583H *5170P6*-8x\-(< gi*-,/<B*5?E6*58m6*-, gi*5,7DG1*-? F
.	(8[YD/* |*-z&1*e)XMﬃD7?E*5,7*589_6?@*ªgiPY,G1*-?@IE*C(86iªMﬃTU0O17*-?@IE*ª6?E*-D/*-,*5?E8\5*-IE8*-8!H *}10Pf6*-8R6?@D7zO(17?E*-,G1
24*5,76*589#yu?@* yu?@D7zO,7*}1?@D7?E*5,7(8[ )?@zf()?ED/TU0 ?E8&1*5,7S+PYIE?@*-,G1*-,BTU0MQIE*58*-I@*-<3*-8&1*c2a?@,76MQ)D7TU0IE?E* F






ﬀ >= ?4? @ ./% 9 ?-$ *;./%'./$&?>( <>$I$)(4$)?J.1$&?'*;$&? 0B2E,/$)(4$),1$2 $)(+*;$

















































































































































































































































































TU0D/*j?E8 yu?ETUzQ*58,7?@TU0&1(8[]8O(,MQ8T/*-6*-< e8PQ1*58 8XMQTU0 6*5< ?@8 4?@IE6 ﬃolq )+*-D7TU0,7?E*5)|*58*-8
n
I@[YPY,7?^10<s(D )+*-,7*5TU08*}1=2;*-,/6*-89#


























































































































































































































































6 7:9<;  ?





G  KNfWM 
]

































































































































D7*5DL~PPY,/6?E8Mﬃ1*58D\fD/17*-<!_6MQDs)+*-? *-?@8*-,h8f(<B*5,7?ED/TU0*-8 8&17*-[Y,7Mﬃ1?@PY8 MQ8 /*-6*5< deMQ( ﬀYS(8z&1




(,7I@?ETU0*58A~PPY,/6?E8Mﬃ1*58ﬁ	_;+_ f3)MQD7?@*-,7*589_;2a?@,76 *5?E8 zﬃPY8&Y*-z&17?@Y*5D ~PfPY,76?E8XMF




















































































































































































































































































































































































































































































 :G'N9!,!1#&: %S#-9!:G')6,d'5O`X# e :<)+#&%(,;:G9!3#-'5# ) 8,!1E#-,d1#&% PZ <: %(,!:G14)+#-1  :G'=,!'















































































































































































































    
























































































































 od oPm "$Z%6: 2,d1A)=#-3%6:<)6,;Z41 ,!1  ,!O(P#-1%`,!O(XA)6/13 /12H  #  12, )6,;Z41 4Z41 D O`X12, )=)5Y
3% Z A#-1
L?E8* * B\5?E*58O17*Q_e,7*5?E8ﬁ\52;*-?@6?E<3*-8D7?EPQ8XMQIE* 6*-[Y*58*-,/?E*5,/1*TU0XMﬃIE*-8.	PY,7<(IE?E*5,7(8[ *-,7[Q?E)1]D/?ETU0
6(,/TU0 *-?@8*3MQ8XMQIO1?ED/TU0*giPY,7MQ)?E8&17*-[Y,7Mﬃ1?@PY8]?E8 yu?ETUzﬃ*-8,/?ETU0&1(8[#y~MQ\-(]2;*-,/6*-8 6?E*gi*-,/\-*5,GF































































































































































































































































































()|*5, 6XMQD giPYI@(<3*-8 I
'






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:C< )+*-?a[Y,7PgﬀY*-8wACPﬃ1UMﬃ17?EPY8*58 <B?^1m6*-8yu?E,/*-z&1PY,/*-8K?E8K6*-,mQ*-,/.	PQ,7<s17*-8 ~PY8
ﬂ
[Y(,7Mﬃ1?@PY8














































































































































































































































































































































































































































































































































































[YzQ*5?@1D/<{M1,7? U](86 6*5DLIE* F
<B*58&1,7*5D7?@6(XMQI^Y*-z&17PY,7Da)+*-?zOIE*5?E8*58!2a?@*eMQ(TU0!)|*5?[Y,7PﬁﬀQ*-8!ACPﬃ1UMﬃ17?EPY8*58R)|*5zﬃMﬃ88&1#
 od o  #&%  /O(PQ'5,dO(XA)6,;34/213 #-,!1#&% A#&%6.0Z%(? /2134'5: 2X  :G134,!3#-1  %`/O6P  #-9!:G')6/213
yu?E*3\-( 6*-,ULI@*-<3*-8&1DG1*-?
ﬂ





























































































































































































































































































































































































































































































































































































  # 





































 od o  "$#&%6#-,d1.0:GO(X /13#-1  #-, H#&% C #&ZA? #&)=%`,;#&#-,d13:  #
yu*-,3(,7D/S,
'
























































































































6XMQD ~,7*-(\-S,/P6(zO1h6?@*-D7*5,e)|*5?E6*58 gi*-z&17PY,7*589_4?EI@6 ﬃo ﬃ9#
n
I@IE*-,/6?E8[YDu<( ﬀ!6XMQ,7MQ(.4[Y*MQTU0&17*51
6 7:9<;  ?  C pG/ MPWW`
]
R4/KLG  MXGKLSgWEHGKNR b   KNMPfﬃdMXKN` KNMR/KNf ﬁ R-EHWKNR  a`XK KNRVWKNf
24*5,76*589_+6XMgﬀx6?E*eyu?@,7*5zO17PY,7*58R*-?E8*-D LIE*-<3*-8&17*-DCMQIEI@*u6?@*~[YIE*5?ETU0*$ﬀu,7?@*-8&1?@*-,/(8[x)|*5D7?^1\-*589#





































































































































































































































































































$6T #yu*5D70XMQI@) 2a?@,76W?E8 6?@*-D7*5<
n
)D/TU08?^171






































 o<q o! 
 
 D m JK9;#>? #>14)






8*-8 MQ8[Q*52;*-86*}1#y~M 0?@*-,7)+*-? 6?E*17,MQ8DGY*5,7DMﬃIE*-8 TU0O()&Y*5,7\5*-,7,/(8[YD/zQPY<3S+PY8*-8&17*-8K?E8]6*5<










































































































































































































































































































































































































(,76*cD7?ETU0*-8&1D/S,7*5TU0*-86 6*5< )+*-zMQ88O17*-8 ?@8zQPY<3SXMﬃ17?E)I@*-8TU0*5?E)+*-8*5IE*-<3*-8&1BYPY8


































































































































































































































































































































































































































































































































































































































































































































































































































  P!S9;&9:?",Q9"4",ﬀ ;? P H+,ﬂ,3"4FE79 
 ZM0
%('



































































































































































































































































































































































































































































































































































½  ½ Å,´Ã
µ?¿

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v v v v °
; < ;)<













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C!DGFHI KI C iRc X[X^]	Zh PUXWZ%e
S
%e4V	

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 KUT-C_aX^]WV XWZ[X^PUX[X^c XWZX^]ejX^]bPUXO  
i YjXWZXWYjXWtwXWZuPUX
X














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	sY4iRPUPUX eﬀ X T
S
  Qi Zc XWZ

X^]
 Qi YjPbZ%eNV ﬁﬁﬀ
-

























































































































































C!DGFH  KUT-C+0X^hdtwX^PU] ejX
S
Z[\liRPUX^] e4i YjXWejc XWZV	 
i PUXWZ-[X^] XWe4Zi  


































































































































































































































































i [] iRPbeNV	 















































































   





















i [] iRPbeNV	 






























































































































































































































































































































































































































































   






















X 	 YNiRPUPUX tweNP
S





























































































































































































    's's"%'  dJf 'ﬃ dcf  d	i_






































































































































































































































































































































































































































C!DGFH  KNM C+ X^hdt!X^PU] ejX
S
Z[ﬀliRPUX^]eNi YjXWejc XWZV
i PUXWZ[XWVmo hdZZXWZ[i 
%V`Zi 

















































































































































































































































































































































































































































































































































  ﬀ    [='s"6_$ [#(b(ﬁ _a_u"%' ﬃ!'ebdJf "Q[ "%' `s'ﬂ"% ! b(a`s'e\&$ [ (\ "6\ "%' '` "6_u [#"	
\ "%' "%' ﬃ[='






























































































































































































































C!DGFH  K C+ X^hdt!X^PU] ejX
S
Z[ﬀl-iRPUX^] eNi YjXWejc XWZ%V	

















































































































































































































































































































 XWeN[%VUXWejPbV c XW[]dQ
S
	



























































































































































































































































































































        `S\ "L r$ [ (  dcf `s' ﬂ"% ! b(a`s'e\&$ [ (S[#"Q_-ﬃ[='

































































































































































































































































C!DFH  KUT C+0X^hdtwX^PU] ejX
S
Z%[ﬀliRPUX^] e4i YjXWejc XWZV	 
i PUXWZ[X^]0i Y 
S















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   ﬀ
t


































Á   ﬀ
t













      'e[#(a[  ' b 



















































































































































































































































































































































































































































































































































































 K,+ C	hdZ[ejPbejhdZ%VUTWi 
YjXWZ [X^] cdYjh %i YNXWZO








Zc XWZ   XWeN[%VUXWejPbV c XW[]dQ
S































































































































































































































 %  ! dcfs"     ][ ' "Q_cbdcfﬃ  =" ` ' ( "6_ ﬃ[='






































































































































































































C!DGFH  KUT  C+0X^hdt!X^PU] eNX
S
Z[ﬀl-iRPUX^] eNi YNXWejc XWZV	 















































































































































































































































































































































































































































































































































































































































































































































































































C!DGFH  KUTfM C  Y4i 
X  
YNe4Z[X^] V	 











































































































































































































































































































































i YjPUXWZﬀ[X^] %i 
XWZ )YNeNZ[X^]V	


















































































































































C!DGFH  K T  C  Y4i 
X  
YNe4Z[X^] V	 


















































































































































































































































































































































































































































































































































































































































































































      `S\ "% $ [ (  DdJf `s' ﬂ"% ! b(a`s'S\.$ [ (S[#"Q_-ﬃ[='





































































































































































































































































































































































































































































C!DGFH  KUT  C ri Y
S
c XWY twejP   h 
  ﬁ    ﬃ ]bXWe






































































































C!DGFH  K  C ri Y
S
c XWY twejP   h 
  ﬁ    ﬃ ]bXWe



















































































































































































































































































































































C!DGFH  K T-CL_aX^]	h ] t PUX +0X^hdt!X^PU] ejX*[X^] 0i Y 
S
c XWY twejP   h  










































































































































































































































































































































































    ][ 's"6_ $ [#(b ( _a_d"L' ﬃ!'ebdJf "Q[ "%' `s' ﬂ"% ! b(a`s'S\.$ [ (\ "6\ "%' '` "6_u [#"	
\ "%'s"%' ﬃ[='




























C!DGFH  K  C+0X^hdt!X^PU] ejX
S
Z[\l-iRPUX^] eNi YjXWejc XWZ%V	





















































































































































































































































CEDGFH  K +@C XWeN[VUXWeNPbV c XW[]dQ
S
	
PUX^] )YNeNZ[X^]       ]bXWeﬀ

























































CEDGFH  K  2C XWeN[VUXWeNPbV.cd[]dQ
S
fPUX^])YNeNZ[X^]        ]bXWe
























































³´ ½ ´9À ½ Å
µ


















































































































































































































































































































































































































































































































































































































































































































CEDGFH  KM@C XWeN[VUXWeNPbV c XW[]dQ
S
	









































































































CEDGFH  K I C XWeN[VUXWeNPbV c XW[]dQ
S
	

































































































































































































-ﬀ    'e[#(N[  'eb 
  fs ="%'









































































































































































































































































































































Zc XWZ Zh ] 




Z%ZX %i  
X 
Y4eNZ[X^] V





















































































































































































































































































   ﬁ/12 2.'&
	 / ﬁ,& # !$(  ( 9'&& * &+ﬁ 	 ( !$#9'& $()$(+*+












































































































































































































































































































































































































































































































































































































































































































































































































´ Å  ³À
²







































































































































































































































































































































































































































































































































































































































  %&' ﬃﬂ*,+" 	#


















































































































































































































































































































































































































































































































































































































































































































WY  /  - 90 !	 - ﬂ '0 0




















































































































































































































































































































































































































































































































CEDGFH  KUT-C+0X^hdt!X^PU] ejX XWeNZXWVrO
hdY4eN[ﬀO 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  	 $(  *+' 	 & #%+
 $3*+  ' -  0!	 - ﬂ '00

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬁ  "%' "  "%'s"%'    's'D`s'e\ b 
6`eb( '  " [='ef   ( "%'s"   ][   Df "L = % i_u$ `  ][="	
_c`s'e\ "%'
 [='
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































CEDGFH  K,+ C%o]bXWZZ
S
Zc![X^]






























































































































































































































































































































































































































































































































































































































































































































































_d"%' 'D`s'S\ s"6_ "%$  _  '  `s'  [#"6\ "  "6_ 









































































































































































CEDGFH  K @CLo ]bXWZ%Z
S
























































































































































































































































































































































































































































































































ﬁ    [  Dfs"% = % i_u$ `s ][="6_c` 'S\ $ [#(. [='s"  _d"%$

"6_f ! `ﬃﬂ s"6_  i_f$    "6_ 
"6_ 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬃ[=' ﬂ'`efS_u"%'  "Q_2 ][='s"  _d"%' i_u$   "6_ 
"6_a_J`s'S\ [ ' &[]d  "%'S_J[]dcf(a`s'e\.$ [#(  [= !ﬂp"  "Q_
ﬃ
 





































































































































































































































































































































































































































































































































































































































   &2.'( & #%'& $ (  ( ' *+$()& # /1












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     		?
!$	ﬁ	#
ﬂ
 %?+	  %& %&' #ﬂ ﬃﬂ  





























































































YWY   (  + ( 7* ,$()& #  & - 90 !	 - ﬂ '0 0
-ﬀﬂ /10'& '0'2.'&3*+'&









































































C!DGFH T  KUTdC eNV 
]bX^PbeNVbeNX^]bPUX +0X^hdt!X^PU] ejX XWeNZXWVrO
hdY4eN[ O 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 l    "6_ 
"6_a_c` 'S\ "%' `s'    's'D`s'e\ "%'  " 
 i\ "%'  ` ﬂ   '  "  (a[  "    i_


















































































































































































































































































& b- ][='s"  _"% $ b (a[ bdJf "   ( "6_c[!  ]\ "Qb"( 






































































































































































































































































































































































































































































































v v v v v v




























































































































































































































































































































































































































































  ½ ´³ ½ ´U
¿Á






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 l   &[=" (ﬁ 'e\ "%'(a[#"%  #" ﬃ! #"%$&"%'(ab(R" [ \  "Q[ (abR$  (_J[ `s' s"6_ ﬃ! #"L$J"L' (N_d" b[ 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































!#E :+x 8Eﬂ !9("B(?$8!9E B)E ;=(+$$J(+ $JE ;+!#E
	
$:H8: ﬂ < (x

< :  !#(7;=!#E>ﬂ !#(y>$J;+(+z#!#E















































































!#( v<+x :+x ;+8I)< EGI !98E !9(






!8$:H;+< E I z#< : v$J; z8xG!#E





















*)B EGE !#E !#E ;=:+






























)!9(% $JE I; 8E ﬂG!#(0< (H:%













ﬃ B)* "; !9E ;=:%
G(+ﬀ, ;ﬁﬂ 8!0!98I)!9E ;$8, !













!#:H;+! !9E ﬂ !
ﬀ
8: (+!9;+8:H8!#(H< E I)!9E )BE
	





!9(+E ! *ﬁ!9EF49< 
)














































$<G;+!#(H; < E ﬂFN
)



































ﬂ !#(VU !9(+:+, E !#"ﬂ < E IWﬃ B"8ﬂ!XYﬃ! !ﬀ:ﬃ!,C$"!#E !8!9*ﬁ!9E ;+!Z * "; ﬂ !#EG!#E ﬂ 8! (H!#:7;$8, ![ﬃ	;+(+<@N ;=<G(ﬂ 8:YX














?n>lorts?uSn>vcwJrmxﬁlortn>low 1y#nzxYrtnu?u?wJlokmlowclonx{s?rtq  pYlxYrtqYrtlpYx

!9!U !9(+:%,GE !#"ﬂ < E I)!9E|4}$E I):+
)












!#EZ AH!9ﬂ BS, *ﬁ; (H!, ;ﬁ B !#*
`
8:YX
N (+!9;+8:H8!#(H< E I):+$<M }$E ﬂ





!#:7;=! ;>ﬂC$(H8EZ ﬂ "!












I)!#(+$J;=!9E } 8(Hﬂ ﬂC$(+<G* Z@} !# ﬂ 8!Kﬂ !9E ﬃ B88ﬂSX ﬃ! !ﬀ{"!#* !#E ;=!9EW49< I)(+<GE ﬂ !




?n>lor s?u?n>vcs?rmp l xﬁwJrmx iy#ktrts i 
?loktk :kmlowclonx lon
8"!#I)!9E ﬂ !7K E EC$ *ﬁ!ZﬂC$ ﬂ "! ﬁ8!9*ﬁ!9E ;+:+!9";=!9EI
)
$,G!#E :+!9E@N (+!, ;74#<G(

!9( X < E ﬂ E ;+!#(+:H!#;=!
:H;+! !9EZ

!#	ﬂ !9(PU !9(+} !#E ﬂ <GE Ic8"E ! $(H!#( K E :=$J;%4M < EN ;+8B)EG!#E !#(%"!9;%49; } "(+ﬂ'< E ﬂ :HB)* "; ﬂ !9<G;$"ﬀ,
:%,@"!, ;=!9(+!  (HI)!

E 8:H:+!'!#(%498!";G} !#(Hﬂ !#E





< EGE !#E ﬃ!,C$"!#EZ:}!9E E $JE ﬂG!#(BU !#(YX
:%, EG!#8ﬂG< E I):H:H;=!ﬀ"! ﬂG8! 2 ;+;=!I
)
$, !#E ﬂ !9( AH!} !#ﬀ"8I)!9E ﬃ B"8ﬂ!XYﬃ! ! ﬁ"!#* !#E ;=! * ";+!#8E $E ﬂ !9(
)!9(

< EGﬂ !#E } !#(Hﬂ !#E < EGﬂ ﬂ "!Wﬃ	!#";+!#EI
)
$, !#E }!9";=!9(% "E :H!#E@N (+!, ; 4#< (















! ﬂCE ﬂ !9E4:+,ﬂ $E E ﬂ 8! * ";+!#8E $E ﬂ !9(
aVb dﬀe T




Sn>lorts?u?n?vJwJrmx lpSrtnSs?u?n>vVs>lprmx x lok j>lon
I)!NJB
@
 !;=!#E &C(+!9ﬀ !9";=:HI)(=$Jﬂ !K$EF< E ;=!#(H:%, "!#ﬂ@"ﬀ, !9E B):+;=8BE !#EZC* "; ﬂ !#( ﬂC$(+$< : M B"I)!#E ﬂG!#E





 !9(+(+BJ; $J;+8B)E !9E ﬂ !9: U !#(H:%, E !98ﬂ <GE I):%N E BJ;=!#EG: :7; $(+N

























!#( ﬂ !9I)!#EG!#(+"!#(7;=!#E ﬃ!, $8!9E!X
!"!#* !#E ;=!9E

!9:H;=! ;K8E ﬂ !9(72
)
B I"ﬀ,@NJ!#;$<@, I!#:%,Gﬀ, ;=!;=!ﬃ	;=(H<@N ;=< (H!#E 4#<

!#(H!, E !9EZ 8ESX






,N! *ﬁ; !9E ;+:%











! $*  X









C$JE E < E Iﬂ "! ; $JE I)!#E ;+8!8! ﬃ	;=!9ﬂCIN!#;=:H* $J;+(+K< E ﬂ
ﬂ !#E





!#E ﬂG!#E ﬃ	B8"ﬂ!X ﬃ!G!ﬀ ﬁ8!9*ﬁ!9E ;+!#: 8ﬂ !9E ;=8:+, E <@4#<F:+!;$49!#E

Kﬀ"!#(+ﬂG8E I):1} !#8:H!#E U !#(

< E ﬂ!}!9(%N :H;+B







 )$E I)"IN!9"; 4#!98I)!9E

<G(-*[
@8!9*ﬁ!9E ;=8!9(+< EGI :HBﬀ, !9( $EG8:+BJ;=(+B
 !9(
2>$J;+!#(+8$8I!#:+!;$49! * <@ ﬂC$:  B;=!9E ;= $ :7; $J;H; 8E NB)E>!N ;= )!#E 8EW8BN?$"!#ETNJ$J(H;=!9:+":%, !9E \KB	B)(YX







 "E>:HBﬀ, !9:V\B	B)(+ﬂ "EC$J;+!#E :	 :7;=!9*
N?$E Eﬃ!#E ;+:%
 (H!, !9E ﬂ





!#(H*ﬁ;+;=!";'< E ﬂ2$E :%,88!)!#EGﬂﬃ< * ﬂ 8!
/X K3, :H!0:+B
I)!#ﬂG(+! ; } !#(+ﬂG!#EZ ﬂC$ﬂ "! K3, :H!#E8E ﬂ !#(  X  X 

!9E ! *ﬁ;ﬂ !9( U B)(%49< I):+(Hﬀ, ;=<GE I ﬂG!#:
)!9(+} !#E ﬂ !;=!9EW2 $J;=!9(+ $8:ﬁ4#<G:=$* *ﬁ!9EM%$8!#E
`
< (+,ﬁﬂ "!-E ;+!#(+
 B8$J;="B)E ﬂ !#( < !9(+:%, <

!#(%49!#(YX
(+< EGI)!#E"E EC$?; )< (+8ﬀ,G!#EC\B	B)(+ﬂG8EC$J;+!#E :+"E ﬂ$EcAH!#ﬂ !9*

$<
 < E@N ;< E ﬂ0$EcAH!#ﬂ !9( ﬃ	; )<G;$49:H;+!ﬀ"!
(+!, !#E@49!#;=8E ;+!#E :H)! (=$JE :+M B)(H* $?;=8BE !#E|)B)E0ﬂG!#EC"BN?$8!9ENJB)E>)!N ;+)!9EF$<M ﬂ "!"BN?$8!9EN?$(YX




E BJ; }!9E ﬂ 8I

 8E ! !98EM%$, !
`
$(H:H;=!ﬀ"< E I !9(+I)

; :Hﬀ,
ﬂ < (+,  8E :H!9;%4#!#E ﬂ !#( $<G: ﬂG!#(1N?$(H;+!#:+":%, !9E
	
$J:+8:GM B8I)!9E ﬂ !#E
	











M )< (FﬂC$: ﬃ	;















-E ﬂ !#(GB)(%"8!#I!#E ﬂ !9E K (






$, ;\E B;+!#EZC<GE ﬂ ﬂG!#E

























< E ;=!9(+:+<, ;
 
< ( U !9(+* !#8ﬂG< E I ﬂ !#(

!9 !#8EG!#( (+!98E !9E U !9(+:%,G8!

< E I): M B)(+* <88!9(+< EGI4$<!M ;=(+!oX
;=!9E ﬂ !I<G!#(+:+, <









67B)(+I!#:H;+!";=!9E U !9(%4#!9(+(H< E I):H8E ;=!9(%
 B $J;+8B)EG!#E>E $,
	




A$<Mﬂ 8!G!#(H:%, "!#ﬂ !9E !#E

ﬀ8"E ! $J(+!#E[ﬃ	B8"ﬂ!X ﬃ!G!ﬀﬃ!,C$8!#EG!8!9*ﬁ!9E ;=! $E I)! }!9E ﬂ !;

`
8! !#"E@4#!8E !9E"EﬂG8!#:H!#* K

:%, EG";+;T)B(+I)!9:H;=!ﬀ;=!#E ﬃ B"8ﬂ!XYﬃ! !ﬀﬁ8!9*ﬁ!9E ;%M B)(H* <@8"!#(H< E I)!9E
< E ;=!9(+:%,G!#8ﬂG!#E :+ﬀ,W8!#ﬂG8I"ﬀ,F8E>ﬂG!#(3U B)(HI)!G!#E : }!98:+! 49< *RU !#(+* !#"ﬂ !#E>ﬂ !#(DU !#(+:7;=!9M < E I0"E
`


















$:+"!#(H; ﬂ "!#:+! ﬁ8!#* !#E ;+M B)(+* <88!9(+< EGI









<GE ﬂ U !#(+:+, 8!

< E I: X
$
@




















!9E ! :HB)I)!9EC$E E ;=!
`












8!9*ﬁ:7;=!ﬀ8<GE I)!#E>B E !S < !9(%NJB)E ;=(=$N ;+8B)EG:+!Qﬀ !N ;+!49< !98E !9( :+! (
!QT[4#"!#E ;=!9E
	
!9(+!, E < E I

 8E ﬂ < (+, U !9(+:H;+!# M < E I):H!Qﬀ !N ;=!J)!9(+M
)












ﬀ,NJ! ﬂ 8:+N (+!9;+8:H8!#(7; } "(+ﬂ
ﬁU
!#ﬂ BS, :%
 (Hﬀ, ;ﬁ "!#(HI)!#I)!9E ﬂ !#(



















49< I)(H< E ﬂ !ZJﬂC$J: "E ﬂ !9E NJB)E!X








(=$JE!X < E ﬂ
 < !#(H:%, <

:+
C$E E < E I!#E E B; } !#E ﬂG8I)!ﬃ!
C$JE E < E IX
`
! E < E I: X
	
!4#"! < E I !#E ;=:+
 (+, ; ﬂ !9*$<M
ﬂC$: NB(J$(H $E ;=! NJB)E>)!N ;+)!
	







 8E4#8I ﬂG!#( )!9(=$8I)!9*ﬁ!98E !9(H;=! ﬁ $:7;=ﬀ49"; )$J;=:H*ﬁB	ﬂ <@ * <@ * ";10 ﬀ M ! ﬂ !9( NB)E ;=(+$$J(+ $JE!X
;=!9E 2 !;=(HﬀN?NB	!QT[4#"!#E ;=!9E

&


















!9G!98E !9( I)!#B*ﬁ!;=(+":%, EGﬀ, ;$"8E !#$(+!9E  (+B

"!#* :H;+!ﬀ"< E I E B; } !#E ﬂ "I)!A 8EG! $(H8:+"!#(H< E I ﬂG!#(
:%,>}$, !#E &CB)(H* ﬂ !9:










































































































































HIFbRVF&uIFbOhFbGTP+M`U%KVOCIHNF0KVCJGce_QSRLHIFbKLP?QSCM DFbK$DJF0FZxDJHIF 2MFbGeJK\QSG5%FbK%4bF0KVKLCGc%FbGCGD X
RV_QﬁGGTCGc%FbGo%USGoDFbGiHNF0c%F[%FbK%40FbKVKLCGc%FbGCGDLXRL_QSGGTCGJc%F0G 40CŁP\KVFbGGFbGoOHNPxDJF0OUkU%KYX






























P\FbGiFb_QSGDJICGc DFbRC2MFbOaeKVQSG!X CGDoiHIFbc%F QﬁGTPVF0HNIRxDHNF

QSDFbKfF0KVQﬁP\HNU%GF0G?QSC!M'&uIFoX














O 6 ; 6*=





















































































































































































































































































































HDLF0DU6 MGJH86 5PlDCK;6 MFbHIGF&uKVgaU%TCGcDF0KKVDGTCGJchDFbK VkF0KLR76 HNF+L
eCGcSR\QSJKVU (BHIOhQﬁP\HNU%G RVU%GJDF0KLGnDCK;6 
U






iFbHDF0KucSF y aQS)P\FbGeJHIIHNGF QﬁKVF0G GTPVF0KL>U%IQﬁP\HNU%GaDFbK VkF0KVR;6 HIFbeCGcSF0GHIGxDFbGhG_QdPeaCKLIHdL
6 F0GŁUU%KLDHIG_QdP\F0G7CCGD
E





























DHIFkQﬁGR76 NHIF<%F0GD QSCIH&uIFbOhFbG5P\F0efF0GJFvQﬁCR79ﬁU%GDFbGRVHNF0KLP y F0KVDJF0G
A
O 'F0c%FbGR\QdPBF F0C &uIFbOhFbGTPVF0G
OhH)P
U


























































































4MF[P\UDF|SU%KgQﬁIIFbO efF0HGH86 5PVIHIGJF QSKLF0G
iF0KLF6 GTCGJc%F0GnHNF0IF FbCR aQdPBF0NH86 FﬂfF0K\QdP\HIUSGF0G GUSP
y
F0GJDHIcECGD e>FbHuc%KVUv%F0G A QSRLPVR76 KLHNPVPVF0G
9dQSGGEF0R|QSC
H`c%KLCGDyDJF0K^OhH)P QSC














































#&(' ),+-' " '*+-' 8 6 &0/ &21'*&
\HIF^H`U%Nc%F0GDJF0GcSF0U%OFbPVKVHIR;6 CGJDOhQﬁP\FbKVHIFbIgNHIGF0QSKVFbGvF0KVF<6 GTCGc%FbG y FbKVDFbGOhH)PwDF0GHNG










































































O efF0Hh&uIF0OF0G5PVF0G('HNGF0OhQﬁP\HT9SFbG UDFbKsFbHIGFlXjFbGDFbGF F0CJO VkF0KVR=P\FbHTH`F0G H`F0RLPVRLPVF0INF0G F0C












































































































@ JA @ BA
L









































































































P QSKLK79 aU%KL>FbKNL HNGF0OhQﬁPVH89 &uHIc%FbG y FbKLP\F






























































































P QSKLK79 aU%KL>FbKNL HNGF0OhQﬁPVH89 &uHIc%FbG y FbKLP\F



























































































































































HIKLDoDJHIF %FbKLP\HT9dQSIF^VkF0KLR76 HNF0eCJGcmHIG uzQﬁPLP\FbGOhH)PVPVFvDJHIFEF0G5P\RLKVF<6 F0GDDJF0K



































































f! i_i[lmi[n"$#<uBtsyx{qtsvu[v[uBzFsyx {[K[u}q tsyx{kprsv}svu}syx o@rs&%	svu>z('!#tx)% [ prsyx[u}qtsvu6Ł


























&uIF0OF0G5PVF[HbaCKLF0G^F0C DJF0G c%NF0H86 JF0G &uKVcSF0eGHNRVRLF0G
A





&uIF0OF0G5PXHIO 'F0c%FbGR\QdPBF FbCmDFbGmKVFbRLP\NH86 FbGm&uIFbOhFbG5P7H`U%KLOaCIHNF0KLCGc%FbGsGHT6 5P F0CsDF0KQSG_QS E3L
P\HNR76 FbG A aUSRVCGc
























































































n"$#<uBtsyx{qtsvu[v[uBzFsyx {[K[u}q tsyx{kprsv}svu}syx o@rs&%	svu>z('!#tx)% [ prsyx[u}qtsvu6Ł





















OhH)P F0HNGF0O &uIFbOhFbG5PqaCJe>FbKjDHNF\H869SFF0CDF0KjQSG_QS ETP\HIR;6 F0GAaU%RVCJGc
AB3





\ Ao&uIFbOhFbG5P'DHIFQSG_QS ETP\HIR;6 FAaU%RLCGcF0KLRLP'efF0H FbHIGFbK\HNR79TKVF[P\HIRLHIFbKVCGctOhH)P
Qv6 5Pj&kNF0OF0G5P\FbGPaCJe>FbK DJHIF \H869ﬁFkF0KVKLF0HT6 TP
A














VkF0KL_QSNPVF0GqDJF0KvSF0KLR76 HNF0DFbGF0GM&uIF0OF0G5P;H`U%KVOaCJIHIFbKVCGJc%F0GR y HNKVDqOHNPLP\FbIRkDF0KiiF0KLF6 GTCGJcDJF0K






































































f  ikikl  n "$#<uBtsyx{qtsvu[v[uBzFsyx {[K[u}q tsyx{kprsv}svu}syxHo@rs&%	svu>z('!#tx % [|p|syx[u}qtsvu Ł
([uku}s^~>[t[xz{p|{ }s0|zFzFs %Lprz[u}xsyqtsv+%,<prqtsyx- syx u}syzFv[u}q
iF0HF0HNGF0K c%KLU%e>FbG\HNR79TKVF[P\HIRLHIFbKVCGcERVHNGDnDJHIF&uKVc%FbeGHIRLRVFqHNO=VkF0KLc%IFbH86 sOhH)PDF0GFbGmDFbKKVFbL

































































































f  ikikl 6n" #<u>tsyx{qtsvu}vkuBzFsyx[K[u}q }sv #<uku}svu[[t [ ukt
























































































































f  ikiklUn" #<u>tsyx{qtsvu}vkuBzFsyx[K[u}q }sv #<uku}svu[[t [ ukt




































































QTOnD_QﬁKVc%FbRLP\FbI)P\Fv:R=P QSK;9 c%F9TK aCOhOXP\F
J


















9CJGcD_QvxDHNF&uKVc%FbeGHIRLRVFD_QSOHNPgQSC6 EGTCKlR EOhOFbPVKVHNR76 RVFbHIG9kaU%GGFbG
A
][aCKDHNF

































































f  ikikl6n " #<u>tsyx{qtsvu}vkuBzFsyx[K[u}q}sv Usvp|[Fsvp|z{qtsv}x<[{KzFsvu 1-|p|u[}syx yŁ

































































f  ikiklSn " #<u>tsyx{qtsvu}vkuBzFsyx[K[u}q}sv Usvp|[Fsvp|z{qtsv}x<[{KzFsvu 1-|p|u[}syx yŁ
- syx[prs_[u}qtsvu }syxﬀu>zFsyxFsvprzFs
@3Yvx








e y USDHNFXSF0KLPVH89dQSNF0G`VkFbKVR;6 HIFbeCGc%FbG DF0K^%U%KLc%F0R;6 zQScSF0GFbGs&uNF0OF0G5P\FXe>FbH






QSe y FbH86 FbGR_RLPVHIOOhFbGqRVHNFefF0HH`FbHIGFbGR|FbP7F0FbGR_DHIFqHbaCKQSCJR79SUSGTSF0KLc%HIFbKLP\FX&uKVc%FbeGHNRVRVF'USGF0JHIG





G5P\F0KLR76 HNF0DFwK aCKVFbG D_QSFbK>D_QvqDHNF 







6 _QﬁIF0GJF0IFbOhFbG5P\F0RlQﬁe y F0HT6 F0G_e>FbH


































OtQﬁIRVQSGGTCGc%FbGCGJDlLSF0K;F0F0KLKVCGJc%F0GHNG \HT69SFbGKVHT6 TPVCGcmDQSK7FbCRLPVF0INF0GR y HNKVD?F0HNGC_QSDFbK
























	 nﬀs # %	syzFxprs [u[ zFsyxp|trsvprqtsvuk{[' zFsvuj}sv[t[syx



































CKLF0G QSNIFbG`VkU%KVQSCRVRLFbP7F0CGcSF0G F0G5P\RLKVF<6 F0GJDsDHNKVF<9TP'QSC
HuDHNF






\ A&uIF0OF0G5P FbC 9TIF0HNGF VkFbKVR;6 HIFbeCGc%FbGQﬁC












































































!JA !%Y%Y3@Z2  !JAZ!SY%Y%!S! !JA !%Yvx32ee_e2
JU%KVHTF0U%G5P Qﬁ
































@%AZ! 32 !BAZ! !JA 3_e
`ba[ced-fgf d i_i[l 6n- syx {[p|sk[u}qtsvuku[
 


































}sv|-ors&%LsvuBz(' #tx % [|prsyxku}qtsvu Ł

svp [Fsvprz{qtsv[xt[{KzFsyx21 K|p u[}syxvŁK4p|u}svxs

syxsv[uK[u}qtsvu
DF0KUSGDHNPVHIU%GJR7F QﬁjOHNP|RVHT6  eKVHNGcSP
AU
C











































































































































































































f  i_i[l ntkK}qtsv %Lprz( #- Ł
	 	U
o@rs&%	svu>zFstŁb tFz - syx{ [prsk[u[q<FK[x{tsvu














































f! ikiklmi nt [K[qtsv %Lp|z #-6Ł
	 	U
o@rs&%	svu>zFstŁb tFz - syx{ [prskku}q<F-}x{tsvu
[prtsyx{syxors&%	svu>z(' #tx % k|prsyx[u[qtsvu Ł- syx{kprsk[u}q	}sv [u}KzFsv

3































DF0G , QﬁRLP;L VkF0KLR76 HNF0eCGJc%R79TCK=%F0G DFbK|KLF0R=P\IHT6 F0Gy&uIF0OF0G5P;H`U%KVOaCJIHIFbKVCGJc%F0GR_DJHIF QSC
HuDJHIFc%KVU L































&uIFbOhFbG5P\F0R CGD DF0Rn&uIF0OF0G5PVF0R %U%G QSKLHIR76  H`F0RLPNL
F0CR=P\FbIIFbG
A






&uIF0OF0G5PVF0G HbaCKLPFbC y F0RVFbG5P\IHT6 tc%FbKVHNGc%F0KLF0G
U


















































f  ikiklmiki[nt [K[qtsv%Lprz( #- Ł
t	 t	U
o@rs&%	svu>zFstŁ tFz - syx{ [prskku}q<F-}x{tsvu



































































































































































f  ikiklgi  n

svp [Fsvprz{ qtsv}x [>zFsyx$1-|p|u[}syx Ł- tFz - syx{ [prskku}q<F-}x{tsvukprtsyxFsyx












































































f  ikiklgi  n

svp [Fsvprz{ qtsv}x<[>zFsyx$1-|p|u[}syx Ł- tFz - syx{ [prskku}q<F-}x{tsvukprtsyxFsyx

































































\HNF0RVFbRYVkF0KVQSNPVF0G  aQ SP'RVHT6  R76 U%Gse>FbH 9TIFbHIGFbKVF0GWVkFbKVR76 JHIF0eJCGIL
c%F0G efF0U%e_Q 6 TPVF0GR OHNPQﬁG
y




DF0KwFbGTPVRVKLF6 FbGDFbG , QﬁRLP;L VkF0KLR76 HNF0eCGJc%R79TCK=%F0GDF0CJPVIHT6 
A 
HIF efF0KLF0H)P\RxefF0HDFbKhvF0KVF<6 IL



















































&kR'RLU%I GHT6 TPCGF0K y aQSG5P eIFbHIefF0GRfD_QvtDHIFaNF0HT6 TPrU%R7FbHINIHIFbKVFbGDF0Gz'CKLSF0GR9DJHIFaefF0HjDF0G
, QSRLPNL VkF0KLR76 HNF0eCJGc%R79TCK=%FbGPHaCKc%KfaUe%F0KLF VkFbKVR76 JHIF0eJCGc%FbG e>FbU%e_Qv6 5P\F[P y F0KVDJF0G^9kaU%GGFbG CGD





c%F<F0FbHIcSPB%FbKVR;6  y HNGDFbGMRLHIFefF0H>F0HIGJF0K H`FbHIGFbK
y FbKVDFbGDFbG VkF0KLGFbP7F0CGc
A
&uRkOaC QSefF0KuDQSK\QSCIH9HNGc%F y HNF0RLF0G y FbKVDFbGRTD_Qve>F y CSPD_QSRkKLF0zQZL
P\H) c%KVUSe>FR|F[PBFtFbCK \HIR79TCRLRVHNU%GyDFbK
D
G5P\F0KLR76 HNF0DFtF y HIR;6 F0G DJF0G &uNF0OF0G5P7H`U%KLOaCNHIF0KLCGc%FbG
c%F y

























O 'F0cSF0GRVQﬁPBF FbC QﬁHNPVF0
JA?2AN@
y







CG5P\F0KLRVC6 5PXCO DF0G &uHIG ._C
DJF0K 
|QﬁGDefF0DHNGc%CGcSF0G QSC
HhD_QSR GH86 5PVIHIGJF QSKLF
















































































































F0HNRVFbGRCG5P\F0KLR76 FbHIDFbG RVHNFRVH86 EDFbCJP\NH86 





















6 _QﬁIF0GDLF0DJUI6 wDHNFq4MHNPLP\F0/.%aQv6 FcSF0zQﬁc%F0K=P y HIKLD
A
\'QSDCJK76 wF0KLc%HIeJPkRLH86 wF0HNGFDFbCJP\NH86 
ﬂ ﬃ
























































































































































































































































F0HNGKVQSc5QSKLO CJGTPVF0KLRVC6 5Pf DFbKQSCR'DKLF0H
J
6 JH86 5P\FbGnOHNPCJGTPVF0KLR76 HNF0DNH86 FbG4yQdP\F0KLHzQSNF0HNc%F0GIL
R76 _Q H P\F0Ge>FbRLP\Fb5PuCGDxQﬁC
H_RVFbHIGFbK
D









































































c%U%GGJF0G y HIKLDtOHNPF0HNGF0Kn\HIR;9KLFbPVHIRVHNF0KLCGcDJHIF0RLF0RgKLF0HNGqQv9dQSDFbOhHNR76 FbG iFbHIRVJHIF0NRvOHNPNF0DHNc%IHT6 
F0FbGn&uNF0OF0G5P\FbG HNG 
^HT6 5P\CGcDFbK#'K\QSc5QﬁKVO aQSGcSR\Qv6 RLFv>F0HIGJF0O &kNF0OF0G5PaCefF0K'DHNFxiKLF0HNPVF
CGD DLF y F0HNIRF0HNGF0O &uIF0OF0G5PlKLU
J











6 HT6 TPxQSCR79ﬁU%G5%FbKVc%HNF0KLPVF &uKVc%FbeGHNRVRVF F0CmFbK7F0HNF0NF0G
A




H`KLF0HT%F0GR|DF0K['IF0efF0R;6 H86 5P[9ﬁQﬁGGyefF0HNO VkF0KVcSIF0HT6 yDFbK VkFbKVR76 JHIF0eJCGc%FbG DF0KuCG95P\F
U










































































































f  ikiklgi n 
ﬀ[[x{svp

kp|>zFsvut ' qtskt}zFsyx "^xq<x %Łk4tFz - syx {[p|sk[u}q<F-}x{tsvu6Ł
- syx {[p|sk[u}qL}sv [u}KzFsv

Ł






















































































kp|>zFsvut ' qtskt}zFsyx "^xq<x %Łk4tFz - syx {[p|sk[u}q<F-}x{tsvu6Ł
- syx {[p|sk[u}qL}sv [u}KzFsv
 Ł




































HbaCKxQSNIFhDKVFbHiCG5P\FbKVRLC6 5P\F0G&kNF0OF0G5P7H`USKVOaCNHIFbKVCGcSF0GmQﬁepDF0O RVHIFbe>FbG5P\F0G , QSRLPVR76 KLHNPLPa%FbKNL
R\QScﬁP
A























6 H86 5PwFbKVc%HNeJPxIFbDHIcSIH86  %FbKVG_Qv6 J aQSRLRVHIcSe_QSKVFrVkFbK aQSGJDF0KLCGc%FbG?DJF0K








 y aQSKVFbGD RVHT6  DJHIFa%FbKVR;6 HIFbDF+L







6 JH86 5PiefF0KLF0H)P\RQSewDF0O HNF0KLPVF0G , QSRLPVR76 KLHNPVPkSF0KVRVQScSPvCGD

















































































































kp|>zFsvut ' qtskt}zFsyx "^xq<x %Ł[4tFz - syx[prs_[u}q<F-}x{tsvu Ł
- syx {[p|sk[u}qL}sv [u}KzFsv
 Ł










































F0KLDF0GRJD_QvFbRgRVHT6 qHNF0KIF0DJHIc%NH86 CO F0HIGhKVFbHIG






H PVKVFbPVF0GDJF0G DSEG_QSOHIR;6 F0Gq& >F95PVFr%FbKVG_Qv6 J aQSRLRVHIcﬁP
y

























































&uIFbOhFbGTPVF0G e>FbH5DF0K iFbKVF<6 GTCGcOHNP:DJF0K.Qv6 FbG

EIHNGDFbKVR76 Q L





















































































2   !
N









































! x  %Y !
N


















































































OhH)PlRVHNF0efF0GM]KLF0HNF0H)P\RVcSK\QSDFbGKVU 'GUSP\FbGEPVKVUSP7FHIDFbGTPVHIR;6 F0K , QSRLPNL VkF0KLR76 HNF0eCJGc%R79TCK=%FaHNO L
OhFbKQSC


















RL>F<9TPVF0G &F0HNF0GF  0|QSGDQSee_QSK;9SFbHNP|CGDRefF0RVUSGDF0KLRrHNO GH86 5PVIHIGJF QSKLF0G
iF0KLF0HT6 R	









H`F0HNGF0KLCGc F0KVR;6 F0HNG5PqF0RhQSC6 oRVHNGG5%U%N uF0HNGF
J
P\KLC95P\CKHIG .Qv6 JFv y FbGHIcsc%F9TK aCOhOXP\FCGD





\'QSGGHNRLPhF0RhOŁaU%cSIH86  %F0KLR76 HNF0DFbGF &uIFbOhFbGTPLPFE>FbGRVU
OhH)P\FbHIG_QSGJDF0K F0C 9SUSOaeHIGJHIF0KLF0GRjD_Qv DHNF iFbKVF6 JGCJGcDLFbDF0RxFbHIGFbF0IGJF0G?'F0eHNFbP\FbRxRVU c%FbG_QSC
y HIFwG aUSPVHIcECGDsOhH)POŁaU%cSIH86 JRLPc%FbKVHIGJc%F0O 

















efF0KLc5QSGc SU%GŁDF0K 'U%G5P\HNGTCCORVefF0KVF<6 GTCGcsQSC
H
DHIFr] aQ 6 F0G5P\KVQSc y F0K;9RLe>FbKVF<6 GTCGctCJGD COc%F9ﬁF0K=PF0HNG









iF0c%USGGF0G y HIKLDHNGDF0K %USKVIHNF0c%FbGDFbG
U
KVefF0HNPOHNPtDF0KM'F0c%FbG aCefF0KLRLP\FbINCGcŁ%U%G%FbKNL






























F0K;9SFl_QﬁP RVH86 QSNRuiFbKVF6 JGCJGc%RVcSKVCGDJzQSc%FlDHNF


























GF0O QSCRLc%F0JK aQScSPVF0G VkF0KLRLPVF0HTH`FbGpDCK;6 pDF0G CF0KLR76 TCe
A
























6 MHNGEDJHIF0RLF0K 0|HNGRVHT6 5P['IQSKVFbHNPiR76 _Q>F0G
A
iF0KLF0HNPVR aQSGc%FbK efF9dQSGJGTPaHIRLP DHNF \HNR79TKVF[P\F HNK76 JU 4MFbPVUBDJFv e>FbHvDFbKDHNF 'HNK76 U
iF0DJHIGc%CJGcsDJF0Rw%F0KLR76 
y















HIKVDtDCK76  FbHIGFUSICJGcDFbK CF0KLR76 TCe5%FbK7FbF0KVKLCGc%FbG QSCRiDF0KG'HNGF0OhQﬁP\HT9aOHNPvDF0G


















^FbHIRLRVGFbKNLN4EHIGDNHIG uzQdPVP\FbGF0NF0OF0G5P7H`USKVOaCNHIFbKVCGciF0KVcSHIeJP RLH86 DJCK76 
DHIF VkF0KVGQv6 
a





































RVC6 5PVF0G\KLF0HNF69TzQdPVP\FbGF0NF0OF0G5P\FxDJCK76  0|HNGF0C
HaCJc%F0G F0HNGF0KY4MF0OaeJK\QSGR=P\FbHTc_ce9ﬁF0H)PIF0HT6 5PYF0C
J














GGQSOF0GUSeHIc%FbK VkU%KVc%FbF0GJR y F0HIRLF0G FbCO VkF0KLOhFbHIDFbGDFbK CFbKVR76 TCe5SF0KNL
RLPVF0HTH`CJGcŁ9dQSGGpefF0HkHIF0KLF69THIcSF0G
J
6 _QﬁIF0GJF0IFbOhFbG5P\F0GpNF0DHNc%IHT6 sDJHIF 4MFbPVUBDJF DF0KQSGc%FbGU%O L
OhFbGF0GlVkF0K;F0F0KLKVCGJc%F0GF  FbHIFbGTPqQSGc%F y FbGDF[P y F0KVDJF0G
A
\'QSGG y QSKLF0G \KLF0HIF<69SFbIF0OF0G5PVFMc%FbL
c%F0G aCe>FbKVrHIFbKVF69ﬁF0NF0OF0G5P\FbGQSC6 oe>F<F




\FbRV_QﬁIeERVHIGJDyCG5P\FbK|DJF0G GFbCF0G5P y HT69SF0)P\FbG kIQﬁPVPVF0GFbIFbOhFbGTPVF0GyQSC6 zF0QSﬂL
KVFbH86 FG\KLF0HNF69SFbIFbOhFbGTPVFGF0C c_GJDF0G
A 






P\FbU%KVF[P\HNR76 FbG VkU%KLPVF0HNIRq%USIIR=P aQSGJDHIc%FbK
U
GRVQﬁPBF+H`CG95P\HNU%GFbG aCefF0K y HIF0cSF0G
A
&uHIG y FbRVFbGTPVIHT6 F0K






e>FbHrDFbK^\HIR;9TKVFbPVHIRLHIF0KLCGcmCJGDDHIFyHIO VkF0KLc%IFbH86  FbCDF0G F0CJc%F0 aUSKVHIcSF0G VrHIF0KLF69ﬁF0IFbOhFbG5P\F0G
R76 NF6 5P\FbKVFbGW'U%G5%F0KLc%F0G











































&uRtFbF0HNcSPRLH86 R D_QvMIFbDHIc%NH86  &uIFbOhFbGTPVF
OhH)PleH


















































































































H DLF y FbHINRaF0HNGF0O DHNF0RVFbKaDKLF0H 'U%G
F0F0BP\F
e_QSRLHIF0KLF0GR HbaCK=P F0CxDFbKu&uK79ﬁF0GG5P\GJHIR5DQv'QSNIFDKVFbH 4MF[P\UDF0GwDHNF VkFbKVRLPVF0HdH`CGc%FbG F0CJSF0KV aQSRVRLHIc










c%F0GJU%OhOF0GJF0G CF0KLR76 TCe5%FbK7F0FbKVKLCGc%FbG]9dQSGJGMefF0HuKVUSeIFbOhR=P\F0NICGJc%F0G OHNPtaCe>FbK y HNF0c%FbGDF0G





y FbKVDFbGR y UDCK;6 pQSINF0KLDHIGcSRDF0K
J
fF0HT6 F0KLzQﬁP7F0efF0D_QﬁK;HgR=P\FbHIcSP CGDsDHIF 
lU%eCR=P\FbHNP FbP y QSR
IFbHIDF[P
A

























H y QSGD GHT6 TPgKVF6 5P;H`F0KLPVHIc%FbG
A 







C_QﬁDK\QﬁPVHIR;6 F0G UDF0K|eH89TCeJHIR76 JF0G
U






VkF0KLeKVFbHNP\CJGc?QSD_QSJPVHNSF0K 	|F[PBFbSF0KNH`F0HIGJF0KVCJGc%F0G"QSG iF0DFbCJP\CJGc?SF0KLIHIFbKLPgHIR=PDF0G VkF0KLc%IFbH86 
DF0KaSF0KLR76 HNF0DFbGF0GoDF0c%FbGF0KLHIFbKLP\FbG
J




6 _QﬁIF0GJF0IFbOhFbG5PrOHNP^QSGJc%F0GUSOhOF0GFbGPVkFbK7FbF0KVKLCGc%FbG HIGEG_QﬁPvaCKVNH86 FbGz'UU%KVDJHIG_Q L





















































































































6 QSIFbGF0NF0OF0G5P\FbGnDHNF 4EFbP\JUBDFDFbKQSGJc%F0GUSOhOF0GFbG CFbKVR;6 CJeTSF0KML
F0FbKVKVCJGc%F0GPF0CJOVkF0KLOhFbHIDFbG DF0KlQﬁC6 MJHIF0KgQSC











































KVefF0HNP y FbKVDFbGyR ER=P\F0OhQﬁPVHIR76 z4MUDHTc9ﬁQdP\HIUSGF0GqCJGTPVF0KLRVC6 5PffDHNFF0C








6 _QSNF0GFbIFbOhFbGTPVFF0G5P y H869ﬁF0NP














F0FbHIcSP FbHIGaQSGNH86  c%CJPVF0RYVkF0KL_QSNPVF0G y HIFwDFbc%F0GFbKVHNF0KLPVF
J
6 _QSIFbGF0NF0OF0G5P\F  9ﬁQﬁGG
	|USKVOhQSNSF0K7FbF0KLKVCGcSF0GqCGJD LRL_QSGGTCGcSF0G HIG \H869ﬁF0GKLH86 5P\CGJcaF0KNH{QSRVRLF0GRBCGD D_Q L
OHNPRVHNGDncSF0R76 JH86 5P\F[P\F
J
PVKVC95PVCKVFbGmOhH)PCG5P\FbKVR76 JHIF0DJIH86 JF0G 4yQdP\F0KLHzQSNHIFbG NF0HT6 TP
F0CXOhUDFbIIHNF0KLF0G
AfU
INF0KVDJHIGc%R9SF0KLeIFbHIefF0GDJHIF 	rQv6 5PVF0HINFvD_Qv^efF0HIO &uKLOhH)PVP\FbIGDFbK
	|USKVOhQSNSF0K7FbF0KLKVCGcSF0G HNGz\HT69SF0GJKVH86 5PVCGc DHNF CFbK79SUSGTPVK\Qv95PVHIU%GMGH86 5PefF0K aC69eL
RVHT6 5P\HIcﬁP y HIKVDwCGJDtQSNIc%FbOhFbHIGFvDKVFbHIDHNOhFbGRVHNU%G_QSNFG4yQdP\F0KLHzQSNc%F0RLFbP7F0FR76  y HNF0KVHNc FbC
HIONF0OF0G5P\HNF0KVFbG RVHNGD
A
































U%c%NH86 9ﬁF0H)P QSNIc%FbOhFbHIGFbKEDJKVF0HNDHIOF0GJRVHIUSG_QSIFbK`4yQﬁP\FbKVHIQSIc%FbRVF[PBF0F rDFbK c%FbL
G_QSCJF0GvF0KVF<6 GTCGcsDF0K 	|U%KLOtQﬁN%FbK7FbF0KVKLCGc%FbGoCJGD LRV_QﬁGGTCGc%FbGHIGl\HT69SF0GL







































GR aQﬁP7F0FbGhHNG \H869SFbGKVHT6 5P\CGc HNGRVHT6 TPVIHT6 xDF0R4yQZL
P\FbKVHIQSIc%FbRVF[PBF0FbRkCGDDF0K 	|USKVOhQSNSF0K7FbF0KLKVCGc HIG\HT69SF0GJKVH86 5PVCGc
A3U
IIFbKVDHNGc%RPVKVFbL
P\FbGc%FbKVHIGJcvHbaCc%HNc%F 	rQv6 5PVF0HINFDCK76 FbHIGFbG aUSF0KLF0G
J
fF0HT6 F0KLzQdPBF0efF0DQSK;H'CJGD







































































1 prsvu}-prsyw p| 

n 


















n u>zFsyx{kK[u}qtsvuLv[x 1U}tsyx  t{{prqttsvp|ze  [xp| 9qts&%Lp|{ BzFsyx Cp|ukprzFsyxeors&%Lsvu





















n   [xp| % p






















 [ukp0'!# % tyy}xzFs 








































































































































































































































x #oFsv z{p0#<u ' #tx


























x #- sv[}xs '!#txz{}s ~K[t}xp |zFsyxt

rzFssvrs&%	svu>z















































































}sv|Sz{}s #tx (tsyx{[[syqtsvu}syxz{p0#<ut 
  # %





























n  }x{sys  [p+%Lsvu[{p0#<u[tUs

zFsvu[{p+#<u # '@u #<u |p|u[svx{}sv  ' #tx 

















































































%Lsyxp|yt tu[t-{p| # 'Cz{[p u{}sv|    y}x{tsvzFxp|tu}q<[ xsvrs&%	svu>z{ ktFsv #<u
kp|{ x{syzFs "0prx [ #AV( 

#tz{}sv{p|






































































































































































































tu[ [prq<  #tx}syxM
_u[przFs

























































































 u[syw u[p|u}su #-}s }syqtsvu}syxzFsv }sv|bsvrs&%	svu>z	w prz{ svu[[tuk sv









































































x # ts&%LsvuBz # '  # %

}z{z{p0#<uktUs< yprsvu[  # '4z{}s
+


































































































 [trsvu>zFxqtwbsyx{tsvu % prz


















































































n z{}s&% z{p|yt ' #<[u[[z{p0#<uk*# 'sv|tFz{p|yprz 
fX%7ﬃ8R:ﬃ< HIA^"^h@
$=&'^Sﬃ














u k}svu[ s# 'bx #tz{z(#tx %p u}syx{z{p|tu[%}svxp|u [s





























n u z{}s  #<u[{z{tuBz %# %	svu>z

|zFs Usvu[kp|u}q	svrs&%	svu>z




















&x{sy-prsyw # '@(# %Lsﬁ






























x #- sv[}x{s' #tx}syxp|Kp|u[q(z{kp|u

|zFs Usvu[[p u}qsv|s&%	svuBz{
w p|z{ #<u}s}syqtxsys$# ''hx{sysv# %

syx u #-}s

































qtsvu}syxt%	syz{ #- #<0#tq  ' #txC}syxpr-p|u}q
{[svx #<ukFzFxtp|u}sv
T































 zFxp tu}q<[|xﬀsvrs&%	svu>z _tFsv #<u
T






































































































































]X%7[Z :/Z Deﬂi\	n$ ﬀ\	X>11'?A@%6j !;mﬃ8ﬁIAwﬃb1	2@HL
Ł<7Rb &ﬃ
 



















































































Cp|ukprzFs  ors&%LsvuBzFs 




























|p yz{p0#<u # ' Cp|u[p|zFso@rs&%	svu>z{z(#Lz{}s0 x{qts0}s [sv z{p0#<uqts # 
%LsyzFxp|yt|"u #<uk|p|u}svx Usv[ Kp+#<}x$# '  -|p|u[[xp|yt {}sv |
E }YIA7;I'RZA]I'^5ﬂ)ﬃ<"!#Z/boC ")$%&O










 z{}s #tx $tu[ 
ku[p|zFs svrs&%	svu>z '!#tx)% [ z{p0#<u # 'ﬀ{}sv|  z
ku[p|zFs(}s ' #tx %Lz{p+#<u[

















  # #

n Usyx  t }svu #txprsvu>z{prsyx{zFs






























n  #K}syx u}s Cp|u[przFs o|s&%	svuBzF #<u[ys

zFs ' }x
sUsvu}s [uk$t [Fsvu[ % %	syzFx p|{[sex # k|s&%	s































































































 ' x %	syw #tx{ ' #txU
ku[p|zFs{zFxtp|u2sv|tFz(#




























 ' x %	syw #tx{ ' #txU
ku[p|zFs{zFxtp|u2sv|tFz(#






































































 y|t{ # '%Lp













































n ﬀs # %	syzFx p|yt|ju #<u |p|u[svxﬀsvuk[tu[ sv"FzFxtp u % p

sv %Lsyz{ #Kkﬀtuk







































































































Hz{}x{sys	u #-}s  p|u[k|p|u























#<p|u# w F   "^xprsyqtsyx







































n ﬀs # %	syzFxp { [u[






























rstu[ s< yprsvu>z(}syqtsvu[syxzFsv {}sv|sv|s&%	svuBz{

QﬃwdﬀZA78%HZ1HL=c4 ]P#$fﬂuﬂ Y{ Gz A@

































 t s&%	svuBz% # 
}sv 






















































 u #tzFs #<u svu[[tu[ sv FzFxtp u %	syz{#K ' #txC x{qtsb[s '!#tx % z{p0#<u[
acUZAedG
ﬂ)ﬃ<"!#\%d1d]^3ﬂ)ﬃ:8!ﬀ$%&


































 x # k[Fz+zFxp tu}q<[|x

 zFs Ssvuk[p|u}q svrs&%	svu>z # 'z{}s
T





















n }s Cp|u[przFsors&%LsvuBz syz{#K
-ﬂ: B7[I 	  O^"^@Q}ZA^@>1 o@



















































































 +'+  
@Z_e_
   '*2 '*




eJR76 GH)PVPkRLU%INF0G 9TCK;FDHIF y FbRVF0G5PVIH86 JF0Gw%F0K y FbGDF[P\F0GtOtQﬁPVF0OhQﬁPVHIR76 JF0Gw'KVCGJDIL
zQScSF0G F0KV aQSCJPVF0KLP y F0KLDF0G
A






















KuK79 a KﬀﬁﬃﬂbK 

































































































































































































































































































































































































13/. 3@13/. 4 13/. 5
1*40. 3@1*40. 4 1*40. 5





























































































































ﬀ ﬂbKe%+SK'./#ﬁ%&ﬀﬂ&ﬀ yrK$\ &./)V.IK$ﬂ +go)ﬂ.' 
  K$Y$),&'/ﬀﬁ_#./ﬀ#Y~ #.'Yr), Iﬁ%#ﬀBX#ﬀY$+%KY .'ﬀ &.'ﬀbK
ﬃ
#c*),+SK\  Y$.'Yﬃ\z#ﬀ$+g).'ﬁg)#E 
  \z#.N.NKﬂDe%+gﬀRﬂbK 


















































0K& $ !ﬀ*)Os./) ﬂ&ﬀ cd+ﬀ 
'































































































< GWV G < #
;
















































































































































































































































































































ﬀﬀ.NOhOl) .'ﬂ#ﬀ*),./Y`"! eg0KY$`"! .'ﬀﬂ&ﬀ
ﬀ


















































































































































































( J 2koM$!JK$)Os./) ﬂbO
 ﬀﬂ  Os#ﬀ*)  'bOhO  ﬂbK
ﬃ

















 K.  ),./+%ﬀ#./ﬀ0K  ﬀc
),./+%ﬀﬂ./pe%+%ﬀ ~ #.
ﬃ
0K$ ﬀﬂbK'./`"!#ﬀ  \!$ ﬀﬁg) c  ﬀﬀ &ﬀ)YiK$#`"!&ﬀﬂ  o ﬂ.'
ﬃ
 K$.  ).'+%ﬀ &.'ﬀbK
 ﬀc*),./+%ﬀOk&!KbK0K
ﬃ














0K(]    Y`"!

ﬀ*),&ﬁ%K  'Y  ),~N.NKﬂ  `"!  /YP
.>e%0K$ﬁ%#ﬀ~&),!#+%K$0O \z#~&#.'`"!ﬀ&)"%  }),&).'ﬀKY$#.'ﬀ0K































































































































































































 Y$)&).'ﬁ ﬀﬂ Yr)\K$#ﬀﬁ







































Y./ﬀﬂ2ﬂ./ #ﬀ*),Y$iK&`"!#ﬀﬂ#ﬀ O  ),!bO  ).'Y$`"!#ﬀ
m
#ﬂ.'ﬀﬁ%ﬀﬁ%#ﬀ ﬂ.' ﬂ  ﬀﬀ \ &.'ﬂ 0Kro+$'>) Y&.'ﬀ
O $YY&ﬀhE
  \z#. .'Y$) =% =lﬂ.'


































ﬀcg+%OsiK&YY$.'\./'./)=$ )}ﬂ  #./ﬀ
ﬃ
+%'Os#ﬀ $ ﬀﬂ
Kﬀﬁlﬀ#ﬀﬂ/.'`"!ﬃﬁ%K$+   |}i  ﬀﬀﬀﬁ%&ﬀ !bK$e%+SKVK}o) E 
.'

/'.'i}),.'~&./)=$ ).IKﬂﬃ\z#./Yi./#'Y& &.'Y$ ﬀ.'`"!*)
\ &.#./ﬀ0KK#ﬂ~#./0K$)#ﬀ

ﬀ*),&ﬁ%K  ).'+%ﬀa0K$oM$'/)"dﬂ  ﬁ%K+  
ﬃ
0K$Y`"!./#\ﬀﬁ%#ﬀs.'ﬀKﬂ.'#Y$0O   'HﬀHJK~#
#ﬀﬂ'.'`"!#ﬀ-Yr)  ).'+%ﬀ$ K#ﬀ /f0K$)#ﬀ oM$!K&ﬀhE
  #Y  `"! oM$JK  /'ﬁ%bOk&.'ﬀ

/0Os#ﬀ*)oq+SKVOK/.'bKﬀ 
ﬁ%#ﬀ Y#!JK  o-#ﬀﬂ.'ﬁK./Y$)ﬂ./



























































































































































































































/+M/bK ﬀMO %  B
;
 L

























% bO ﬀ0K2'(ﬀ /+ F>)$ﬂ*)%,+ﬃﬂ,./ﬀ 1 LaB
FQ/(./ﬂ(:&IK2F>))*- hUT*ﬂﬃ%'(+M18+ %K5 gﬀ%kbKVOG21._BZ`-%+ 60KMﬀ ﬀ+



























































































































[%K F>)/ﬀ+ H`9%K2%'0K :&%OHTD(ﬀ310KXhUT*ﬂﬃ%'(+ &%
ﬃ
0K2g10KLK %8'(+2 1+2%K ﬀ
/
ﬃ
























































bK gﬀ0KVK2%'(ﬀ CD1g11)%',+ 61/+2gOG0K
























































CﬁbK $%F>l+2/F>)3',0K2'(/CUb+ /F>)5^7(.'(18i`-%K2%'X80K :&%OHTD(ﬀ31Gﬀ+ +a/bK +M% I*',1ﬂ(















P P P P
N










P P S S
N






















P P P S
N





















































+,0K +2F>)/ﬀ181ﬂﬃbK  ﬂﬃ./T*ﬂSK ﬂSOGﬀbK _B 
[%K2F>) \ﬀ 0K  Z)0K/F>)3
$ﬂ,)bK=0K . $ﬂ,%8 0K2 
ﬃ
0K ﬀ/8^ ﬂﬃF>)a%8'(1 \bK ﬀ"CD1IO /+ ﬃ\K ,Tﬁﬀ ./1ﬂSK[ﬀ. ﬂ,+M/+2F>)1!Jﬂﬃ 0K /ﬂ,. 






ﬂ # ﬂ ﬁ	ﬃ	 
 
  "	!7		
ﬃ #   






bK gﬀ0KVK2%'(+2/3bK TD(. ﬂ] 
( +,( ﬀ'(180K 0KM1GhaF>)*ﬂ,./ﬀ1.0OG13ﬀaOGﬂ,',1%OOG1ﬀ
ﬃ























































































































































































1l3%K21 OGiﬀ /0K2 1 80K
ﬃ












































































































































































































































I=ﬀ'(1 $%CﬁbK680Kbg1% +,%K4*ﬂSK ',1+2 1..ﬀ
ﬃ
0K gﬀ0KLK %',+ /3 0K TD(./ﬂﬃ(0IK2HCD1NO 1(%:=8,ﬀH` [h

./0OG13 .1'(./F>) 1 ﬂ,bK 




























































































































! ( .V[ ^
'YX
!*#>! ( .V[]^
'YX
!*#
X
! (
E

+(bKI61R
B
;edAd
